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ABSTRACT 
International Journal of Exercise Science 13(7): 1063-1071, 2020. Previous research has consistently 
demonstrated that regular exercise promotes antioxidant production and decreases the expression of inflammation 
markers.  However, there is very little research examining the effects of intermittent fasting (IF) on oxidative stress 
and inflammation.  The present study investigated the hypothesis that a combination of IF and physical activity 
will reduce the need for glutathione (GSH) production by decreasing oxidative stress. In addition, it was 
hypothesized that a combination of IF and physical activity will significantly reduce inflammation, as indicated by 
a decrease in interleukin-1b (IL-1b) concentration.  For three months, subjects practicing IF (n=7) ate only during 
an eight-hour window each day and fasted for the next 16 hours.  A standard diet control group (n=18) maintained 
a normal, balanced diet spread out over the course of 14-18 hours each day.  Based on data obtained from fitness-
tracking devices, subjects were placed into one of three activity level groups: minimum, moderate, and maximum 
physical activity.  Subjects provided fasting saliva samples monthly.  The samples were subjected to a glutathione 
microplate assay and an interleukin ELISA test to determine salivary concentrations of GSH and IL-1b, respectively.  
For GSH concentration, there were no significant differences between the diets at any physical activity level.  
However, moderate to maximum physical activity, in conjunction with fasting, led to significant decreases in IL-1b 
concentration.  In summary, results suggest that a combination of moderate physical activity and intermittent 
fasting promotes the maintenance of antioxidant function while inhibiting the inflammatory process. 
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INTRODUCTION 
 
The generation of reactive oxygen species (ROS) occurs as a consequence of normal cellular 
metabolism (25).  These “free radical” oxygens have unpaired electrons, making them highly 
reactive and potentially destructive.  Prolonged ROS exposure can result in oxidative damage 
to cellular proteins, nuclear DNA, and membrane lipids (7).  Neutralization of excessive ROS is 
undertaken by the body’s endogenous antioxidant defense system, which includes the enzymes 
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superoxide dismutase and glutathione peroxidase, in conjunction with exogenous dietary 
antioxidants (25).  Oxidative stress results from an imbalance between ROS production and 
antioxidant defenses.  Reduced glutathione (GSH) plays a major role in the cellular defense 
against oxidative stress by employing a thiol group as a reducing agent (13). 
 
Inflammation is an important part of the body’s immune response to infection, injury, or allergy.  
The immune system releases pro-inflammatory signaling molecules called cytokines to promote 
blood vessel dilation, allowing white blood cells to rapidly reach the site of infection or injury.  
Inflammation is normally a protective response, but it can potentially become a chronic 
condition, even in the absence of infection or injury.  Chronic inflammation is associated with 
heart disease, diabetes, and cancer (27).  Interleukin-1b (IL-1b) is a cytokine released early in the 
immune response by monocytes and macrophages (28).  Since it mediates the expression of other 
cytokines, overproduction of IL-1b can lead to chronic inflammation (24). 
 
Previous research has demonstrated that regular physical exercise promotes an upregulation of 
GSH synthesis to provide protection against exercise-induced oxidative stress (5, 8).  
Furthermore, the muscle damage associated with strenuous exercise is a catalyst for local 
inflammation (3), and a crucial cytokine in exercise-associated inflammation is IL-1b (19).  
Research by Petersen and Pedersen (20) indicates that long-term exercise training actually has 
anti-inflammatory effects, including a decrease in IL-1b levels.  While multiple studies have 
examined the complex relationship between exercise, oxidative stress, and inflammation (22, 
23), and there has been considerable research into the effects of food and supplements on 
exercise-associated oxidative stress and inflammation (6), the impact of fasting on those 
variables has received far less attention.   
 
Intermittent fasting (IF) involves the regular cycling of periods of fasting and non-fasting (14).  
Previous work indicates that IF can reduce markers of oxidative stress in overweight adults over 
the course of eight weeks (10).  A 2016 study (16) concluded that time-restricted feeding 
significantly decreases circulating markers of inflammation, including IL-1b.  Furthermore, a 
study of volunteers participating in the month-long intermittent religious fast associated with 
Ramadan demonstrated decreased blood levels of multiple inflammation markers, compared to 
non-fasting control subjects (1).  
 
Changes in salivary biomarkers have proven to be effective indicators of systemic changes 
associated with various medical conditions, including cardiovascular disease (15) and type II 
diabetes mellitus (2).  The present study investigated the hypothesis that a combination of IF 
and physical activity will reduce the need for GSH upregulation by decreasing oxidative stress.  
The oxidative status of subjects was assessed by measuring salivary concentrations of GSH.  In 
addition, it was hypothesized that a combination of IF and physical activity will significantly 
reduce inflammation, as indicated by a decrease in the salivary concentration of IL-1b. 
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METHODS 
 
Participants 
This research was carried out fully in accordance to the ethical standards of the International 
Journal of Exercise Science (17) and was approved by the Institutional Review Board (IRB) of 
Davis & Elkins College (D&E).  Participants were recruited from a population of students and 
staff at D&E and a population of healthcare workers at a regional medical center. Data 
pertaining to individuals who did not complete the entire three-month study were excluded 
from the final analysis.  A total of 12 males (age 21-57) and 13 females (age 21-58) completed the 
study.  For three months, subjects practicing IF (n=7) ate only during an eight -hour window 
each day (from 10:00 a.m. to 6:00 p.m., for example) and fasted for the next 16 hours.  A standard 
diet control group (n=18) maintained a normal, balanced diet spread out over the course of 14-
18 hours each day.  IRB guidelines prevented the prescription of specific diets for research 
subjects.  The small number of subjects in the IF group initiated the diet on their own and had 
been fasting regularly for at least one year prior to the study.   
 
Based on three months of data obtained from wristband-embedded fitness tracking devices 
(Fitbit Flex, Fitbit Inc., San Francisco, CA), individuals were placed into one of three activity 
level groups: minimum (MIN; fewer than 8,000 steps per day), moderate (MOD; between 8,000 
and 12,000 steps per day), and maximum physical activity (MAX; more than 12,000 steps per 
day).  Because the American Heart Association recommends 10,000 steps per day for a heart-
healthy lifestyle (21), 10,000 steps per day was designated as the midpoint of the moderate 
physical activity range. 
 
Protocol 
At the onset of the study, each subject signed a consent form and agreed to fast and drink only 
water for at least eight hours prior to each sample collection.  Each subject was given a 
wristband-embedded fitness tracker and a brief tutorial on how to use it.  Approximately one 
month later, subjects reported for the first sample collection.  Using a saliva collection aid 
(Salimetrics LLC, State College, PA) to maximize the acquisition of whole saliva (serous and 
mucus secretions), each subject provided a 0.5-1.0 ml sample, which was stored in a cryovial at 
-20°C until analyzed.  Subjects’ body weight and body fat percentage data were obtained using 
a digital scale capable of measuring electrical impedance (Fitbit Aria, Fitbit Inc., San Francisco, 
CA).  Although it is common practice to restrict water intake for several hours prior to 
measuring electrical impedance, subjects were encouraged to consume approximately eight 
ounces of water just before sample collection in order to facilitate saliva production.  Resting 
heart rate and blood pressure were determined via fingertip pulse oximeter and 
sphygmomanometer, respectively.  Fasting saliva samples were collected twice more, at 
approximately one-month intervals.  All sample collections took place between 7:30 a.m. and 
8:30 a.m.  Body weight, body fat percentage, resting heart rate, and blood pressure were 
measured, and fitness tracker data were downloaded, at the time of each sample collection.  To 
ensure that acute immune responses did not skew results of the study, subjects confirmed, to 
the best of their knowledge, that they were infection- and injury-free at each sample collection 
session.   
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Fifty (50) µl of each saliva sample was diluted with 150 µl of 5% metaphosphoric acid and 
centrifuged at 13,000 x g for two minutes.  Resulting supernatants were reacted with 5,5’-
dithiobis-2-nitrobenzoic acid in a 96-well microtiter plate to generate a stable GSH chromophore 
with maximal absorbance at 405 nm (Total Glutathione Microplate Assay, Oxford Biomedical 
Research, Oxford, MI).  Total GSH concentrations were calculated via plate reader (SpectraMax 
M2 Microplate Reader, Molecular Devices LLC, San Jose, CA).  
 
Two hundred (200) µl of each saliva sample was centrifuged at 1,500 x g for 15 minutes.  
Resulting supernatants were subjected to an enzyme-linked immunosorbent assay (ELISA) in a 
96-well microtiter plate to generate a stable IL-1b antigen-antibody-conjugated enzyme complex 
with maximal absorbance at 450 nm (Salivary IL-1b ELISA Kit, Salimetrics LLC, State College, 
PA).  IL-1b concentrations were calculated via plate reader. 
 
Statistical Analysis 
ProStat version 5.5 (Poly Software International, Pearl River, NY) was used for statistical 
analysis.  GSH and IL-1b data were subjected to a multiple comparison analysis of variance 
(ANOVA). Fisher’s least significant difference test was employed to compare specific groups in 
the ANOVA. An alpha level of P<0.05 was regarded as statistically significant. Data are 
expressed as mean ± standard error. 
 
RESULTS 
 
In terms of salivary GSH concentration, there was no significant difference between the standard 
diet and IF.  However, IF produced significantly less inflammation than the standard diet, as 
indicated by salivary IL-1b concentration (Table 1).  There were no significant age- or gender-
related differences associated with GSH or IL-1b concentrations. 
 
Table 1.  Effects of intermittent fasting on GSH and IL-1b concentrations. 
 Standard Diet (n=18) Intermittent Fasting (n=7) 
GSH (µM) 
IL-1b (pg/ml) 
 
8.18 ± 0.85 
133.44 ± 27.28 
7.04 ± 0.57 
48.88 ± 14.16* 
*Significantly different from standard diet. 
 
For GSH concentration, there were no significant differences between the diets at any physical 
activity level (Figure 1).  However, moderate to maximum physical activity, in conjunction with 
fasting, led to significant decreases in IL-1b concentration (Figure 2). 
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Figure 1.  Physical activity effect on GSH.  Std. Diet, MIN (n=3); MOD (n=10); MAX (n=5). IF, MIN (n=2); MOD 
(n=3); MAX (n=2). 
 
Figure 2. Physical activity effect on IL-1b. *Significantly different from minimum exercise. Std. Diet, MIN (n=3); 
MOD (n=10); MAX (n=5). IF, MIN (n=2); MOD (n=3); MAX (n=2). 
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Although the IF group was significantly older than the standard diet group, on average, 
anthropometric and cardiovascular variables were comparable (Table 2).  There were no 
significant age-related differences associated with any demographic variable.  The only gender-
related difference was associated with body fat.  Females, on average, exhibited a significantly 
higher body fat percentage (28.6 ± 1.8) than males (21.4 ± 1.8). 
 
Table 2.  Group demographics. 
 Standard Diet (n=18) Intermittent Fasting (n=7) 
Age 
Steps/Day 
30.9 ± 2.9 
10,374.8 ± 965.1 
43.0 ± 4.6* 
10,427.5 ± 1,581.4 
Body Mass Index 25.1 ± 0.7 25.9 ± 1.7 
Body Fat Percentage 24.0 ± 1.7 26.5 ± 2.9 
Resting Heart Rate (beats/min) 
Systolic Blood Pressure 
Diastolic Blood Pressure 
59.8 ± 2.1 
115.5 ± 0.8 
79.1 ± 0.7 
61.9 ± 3.3 
116.4 ± 1.8 
79.1 ± 1.5 
 
*Significantly different from standard diet. 
 
DISCUSSION 
 
In the current study, no difference was found between IF and the standard diet in terms of 
salivary GSH concentration (Table 1).  Furthermore, as physical activity level increased, GSH 
concentration remained relatively consistent (Figure 1).  Because GSH is oxidized during 
exercise (9, 11), its production may have been upregulated to maintain a stable concentration.  
Previous research has demonstrated GSH upregulation in liver (5) and skeletal muscle (8) in 
response to regular aerobic exercise.  Further research will be necessary to determine if 
expression of the enzymes associated with GSH synthesis, glutamate-cysteine ligase and 
glutathione synthetase, is actually elevated in response to increasing physical activity levels.  
Although not statistically significant, the combination of IF and maximum physical activity in 
the current study appeared to generate less GSH than maximum physical activity alone.  This 
might indicate a slight decrease in oxidative stress.  For future studies, markers of lipid 
peroxidation and oxidative protein modification could be examined to determine whether a 
combination of IF and vigorous physical activity is sufficient to significantly decrease oxidative 
stress.   
 
IF produced significantly less inflammation than the standard diet, as indicated by salivary IL-
1b concentration (Table 1).  While the combination of IF and minimum physical activity was not 
effective at decreasing inflammation, it appears that moderate to maximum physical activity, in 
conjunction with fasting, significantly reduces the inflammatory activity of IL-1b (Figure 2).  
Other markers of inflammation, including interleukin-6 and C-reactive protein, could be 
assayed in the future to determine the extent of inflammatory control offered by a combination 
of IF and moderate-to-vigorous physical activity.  Furthermore, previous work has 
demonstrated a decrease in inflammation in response to a combination of IF and resistance 
training (16).  Perhaps a combination of both aerobic training and resistance training, in 
conjunction with time-restricted feeding, could optimize anti-inflammatory pathways.  In 
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addition, the IF model employed in the current study is not the only model in use.  Johnson et 
al. (10) demonstrated a significant decrease in the inflammation marker TNF-a in response to 
alternate day calorie restriction.  It remains to be determined whether one particular IF strategy 
is superior. 
 
The IF and standard diet groups in the current study were very similar in terms of 
anthropometric and cardiovascular variables (Table 2), suggesting that the dramatic differences 
observed in IL-1b concentrations were influenced significantly by their respective diets.  On 
average, members of the IF group were significantly older than members of the standard diet 
group.  Only one college student was practicing IF.  Other members of the group were faculty 
members or healthcare workers.  However, no significant age-related differences were found to 
be associated with either GSH or IL-1b concentration.  Furthermore, all members of the IF group 
had been fasting for at least one year prior to the study.  In a concurrent study, using many of 
the same subjects, we investigated the effects of IF on resting metabolic rate (26).  We wanted to 
assess IF over a long period of time to address any impact it might have on the adaptive 
thermogenesis that can eventually slow metabolic rate and inhibit weight loss.  We found that, 
after more than a year, resting metabolic rate had not decreased for individuals practicing IF. 
 
Saliva collection is easy and non-invasive.  It is safer to work with than blood and has been used 
effectively to quantify enzymes, hormones, and cancer mutations (4).  Both GSH (18) and IL-1b 
(12) are consistently detectable in saliva at concentrations comparable to, or greater than, that of 
blood.  Salivary concentrations for GSH and IL-1b obtained in the current study were 
comparable to those of previous studies.  
 
Finally, it should be noted that sample sizes in the current study were diminished considerably 
when subjects were placed into separate groups based on activity level.  The IF group was small 
at the onset (n=7) due to IRB restrictions.  IF groups designated as MIN and MAX each contained 
only two subjects.  Such small sample sizes decrease the power of statistical analysis.  While the 
results of this preliminary study are encouraging, follow-up studies with larger sample sizes 
will be necessary to confirm the anti-oxidative and anti-inflammatory potential of intermittent 
fasting. 
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